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Abstract 
Adopting data and information integration and exchange between two or 
more organizations, regions, communities, health insurance companies, and 
hospital systems has gradually become a requirement to improve health care 
quality, sustainability in management of work processes, and efficiency and 
effectiveness in financial and administrative management through cost mon-
itoring and improved clinical protocols. The central aim of this study was to 
demonstrate how the use of Health Information Exchange (HIE) models helps 
increase quality, sustainability, efficiency, and effectiveness through data and 
information integration and exchange. Data collection were performed through 
an assessment of the literature in the timeframe between 2002 and 2016 refer-
ring to academic or non-academic organizations. The analysis of the litera-
ture considered Brazilian, American, and European articles. The results from 
the research on electronic databases were not satisfactory for the Brazilian 
scenario, where this theme is still very recent. Results from statistical, quan-
titative, and qualitative analyses showing data, indices, and the use of ICTs 
through dedicated software showed that health data and information exchange 
is capable of improving: 1) the quality of care given to patients and employees 
of the institution; 2) sustainability in management of work processes and ac-
tivities pertaining to the relationship between providers, users, and service 
offer; 3) effectiveness and efficiency in operational cost monitoring and ser-
vice protocols, giving the health institutions a prominent position in their 
fields in the eyes of external investors. Regarding the appropriate, legally- and 
policy-compliant use of data and information exchange and integration, or-
ganizations must obey legal requirements in conformity with each country’s 
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current legislation. Suggestions for future studies are given at the end. 
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1. Introduction 

With the advance of today’s information society, health organizations and sys-
tems increasingly use and demand Information and Communication Technolo-
gy (ICT) resources to integrate and exchange data and information among or-
ganizations, regions, communities, service providers, and hospital systems. 

The use of ICT is largely recognized as essential to meet national goals and 
reduce care costs, going beyond mere data processing to influence administra-
tive and healthcare areas such as Telemedicine, Big Data, Business Intelligence 
(BI), etc. This advance is improving the quality and security of patient clinical 
data, as well as their availability on websites to health professionals. It is also 
helping eliminate duplication of services, reduce errors, and promote individua-
lized patient care. Fundamental changes in the quality of healthcare delivery and 
the sustainability of detailed information on processes and results for a given 
population can now be supported, creating a basis to promote public health in-
itiatives, control and monitor diseases, reduce costs, and increase effectiveness 
and efficiency. 

One of the most utilized integrated management systems is Enterprise Re-
source Planning (ERP), whose main advantage is to offer a comprehensive over-
view of the business process to different organizational areas so as to increase 
their profitability and competitiveness. 

Another advantage is the issue of quality in health care. Institute of Medicine 
Committee on Quality of Health Care in America (2001) defines quality as: 

[...] the degree to which health services aimed to care for individual patients or 
general populations increase the chance to yield desired results and are consis-
tent with current professional knowledge. 

This means much more than just ensuring patient safety through drug inte-
raction checks, electronic prescriptions, and medication checks. Quality dash-
boards can measure whether all patients are getting the right care at the right 
time. Clinical vigilance software can constantly scan Electronic Health Record 
(EHR) data to detect emergency signals and alert care providers about serious 
conditions such as sepsis and CAUTI, among others (Chassin & Galvin, 1998). 

Business Intelligence (BI) solutions can also support practically all of a com-
pany’s processes by supplying an enormous amount of data and information, 
sharing them rapidly and meticulously, with accurate analytical precision to help 
improve decision making. Adopting BI: a) brings new opportunities; b) deepens 
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the view on patient care, potentially increasing satisfaction with in/outpatient 
care; c) helps budgets by potentially increasing sales and reducing costs, thus 
promoting new business opportunities based on scenario analyses and efficient 
crossing of data and information on care, seasonality, and financial flows. This 
contributes to organizational sustainability and optimizes business intelligence 
about stakeholders. 

Advancements in ICTs have also enabled the advent of Telemedicine and its 
subdivisions, bringing reductions in operational costs that result in increased ef-
fectiveness and efficiency, and faster diagnosis. By enabling medical activities at 
a distance, consulting, getting a second medical opinion, and exchanging data 
and information, telemedicine offers higher quality and sustainability, as well as 
technological advancements to the whole chain of medical care. 

Furthermore, systems that combine various types of images to get the best from 
each one and then exchange these digital medical images permit to visualize 
exam results through a website, which, in turn, improves quality of care. Other 
interesting results are lower deadlines for test results, process automation, better 
reports, and better control of materials to avoid waste, resulting in more accurate 
projections, historical analyses, and reports. The result is higher-quality health 
care, more sustainable work processes, and effectiveness and efficiency in cost 
management. 

In 2004 the Office of National Coordinator for Health Information Technol-
ogy (ONC-HIT) created the Nationwide Health Information Network (NHIN) 
to establish standards, services, and policies for Health Information Exchange 
(HIE). Federal agencies and healthcare providers agreed to adopt the NHIN 
standards for HIE security at local and national levels, which was named eHealth 
Exchange in 2012. 

HIE is a HIPAA-compliant software that enables healthcare providers to digi-
tally exchange clinical data and information with other participant organiza-
tions. Patient data are combined without personal identification in compliance 
with local laws and policies. Therefore, the HIE system aims at safe, proper 
access and exchange of information on patient health to improve health care 
costs, quality, safety, and speed, increasing interoperability through EHRs held 
by doctors and organizations. This way, this system can improve diagnosis and 
results and avoid: 1) re-admissions; 2) medication errors; and 3) duplicated tests 
and exams. 

In turn, HIMSS Analytics collects, analyses, and distributes basic health-related 
data on products, costs, metrics, trends, and purchase decisions, supplying ade-
quate information and analytical expertise for healthcare organizations, phar-
maceutical companies, government entities, etc. 

Regarding sustainability, the World Commission on Environment and De-
velopment created by the UN (1987) defines sustainable development as: 

(...) development capable of meeting the needs of the present generation with-
out compromising the ability of future generations to meet their own needs, 
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comprising three dimensions: the social, the environmental, and the economic 
dimensions (ONU Brazil, 2020). 

In 2012, this vision was reinforced in the final document from RIO + 20, pa-
ragraph 138: 

(...) we recognize that healthiness is a previous condition, a result, and an in-
dicator of the three dimensions of sustainable development. It is our conviction 
that measures toward social and environmental health determinants, both for 
poor, vulnerable populations and for the general population, are important to 
create inclusive, equitable, economically productive and healthy societies ac-
cording to Corvalan (2014). 

Garde et al. (2007) mention the need to define and measure sustainability, 
which may be one of the main business drivers for developing a Health Informa-
tion System (HIS). A HIS is a high-level structure, whose main enablers and inhi-
bitors to sustainability consist of four pillars: clinical, technical, socio-technical, 
and political/business. 

However, a frequent discussion is that health systems are not sustainable. 
Coiera (2007), for example, posits that: “The health system at present is one that 
consumes enormous resource, and generates enormous waste, and would not 
meet any criterion of sustainability”. But when organizations exchange data and 
information, such as lab test results, history of in/out patient care, clinical case 
reports, and medication lists, through HIEs that comply with nationally- and in-
ternationally-recognized standards, improved quality, sustainability, health care 
efficiency and effectiveness, and results are expected. 

Therefore, information, knowledge management, and communication tech-
nologies have become crucial drivers of change across health systems. These 
drivers are expected to play a vital role in sustainability as they transform health 
care systems and avoid failures. Information is a vital resource for the success of 
organizations, for more competitive companies will be those that better explore 
and use information to generate knowledge and develop new business oppor-
tunities (Jussawalla, 1989). 

With constant increases in healthcare expenditures, adequate management 
and the adoption of high-tech solutions have become necessary to help this sec-
tor balance budgets (Hannah et al., 2009). 

The current Brazilian scenario has not generally been favorable to these ad-
vances. However, technological management of hospital systems plays an im-
portant role in helping organizations establish a new dynamic in their relation-
ship with other market players. In the last few months, the General Law for Data 
Protection (LGPD, in its Portuguese acronym) has stressed the demand from 
organizations to conform treatment of patient data and information to specific 
regulations. Healthcare institutions such as laboratories, hospitals, or clinics 
have higher prerogatives to deal with patient data and information, but are not 
exempt from adapting their procedures. 

After the LGPD was sanctioned in August, 2018, some alterations have been 
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made through the Provisional Measure 869/2018, which created the National 
Authority for Data Protection (ANPD, in the Portuguese acronym), responsible 
for enforcing data protection by corporations. 

Considering the potential and relevance of data and information exchange 
among healthcare institutions, the aim of this study is to offer healthcare profes-
sionals a deeper understanding on how this technology can be used. 

2. Methodology 

Aiming to explore knowledge about the adoption of integration and exchange of 
health-related data and information in articles, websites, and books, we carried 
out a review of the literature focusing on quality, sustainability, and process ef-
fectiveness and efficiency. 

The question formulated to guide the present study was: “Which are the bene-
fits of adopting the exchange of health-related data and information aiming at 
quality, sustainability, effectiveness, and efficiency?” 

The review of the literature was carried out on the following databases: PubMed, 
National Library of Medicine (NLM), National Institutes of Health, National 
Center for Biotechnology Information (NCBI) at the US, Elsevier, Harvard Uni-
versity, Stanford University and Articles of Health Affairs for works in English 
and Spanish. For works in Portuguese, we assessed the digital database Biblioteca 
Virtual em Saúde (BVS). We used the following key words: “Sustainability”, 
“Economy”, “Efficiency”, “Effectiveness”, “Quality”, “Electronic Health Record”, 
“Health Information Exchange” and “Electronic Patient Record”. 

This study is descriptive in nature as it presents models for using Health In-
formation Exchange (HIE) to exchange data and information among two or 
more health institutions, service providers, regions, governmental and non-govern- 
mental organizations. This study is also observational as, by means of quantita-
tive, qualitative, and statistical data, we sought to give evidence of quality, sus-
tainability, effectiveness, and efficiency in using HIE. And it is also technological 
in nature as, by using ICT through dedicated software, it may be possible to 
demonstrate the effectiveness and efficiency of these models. 

The initial results from research in electronic databases were not satisfactory 
for the Brazilian scenario because the proposed theme is very recent in this 
country. In the United States and Europe, on the other hand, when we refined the 
search using the terms defined in the methodology, the results showed several 
publications—including studies, books, and governmental and non-governmental 
websites—which approached the theme in point. 

The criteria for inclusion were: articles published between 2002 and 2016 in 
Portuguese, English, and Spanish, available in electronic media with integral text. 
We identified 50 articles, included in the bibliographic reference of this work, 
referring to the figures, citations and tables. 

The criteria for exclusion were works published more than 10 years ago. Re-
search sources that were not primary, that is, with original content, where the 
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concepts and information were originally produced by the author(s) of the chosen 
source. National and international journals not indexed. The non-recognition by 
the author(s) who don’t have previously studied the problem. When the infor-
mation or concepts presented by the authors did not demonstrate meaning to 
the meaning of the proposed research. 

The final sample for this study consisted of 10 articles available in Portable 
Document Format (PDF) and 01 American organization website, which were 
adopted as the intellectual foundations on which all the research logic was struc-
tured. Thus, being compatible with the approaches that supported the investiga-
tion regarding the sustainability in the management of the processes; the quality 
of care for patients and employees and the effectiveness and efficiency of con-
stant monitoring of costs and operations. 

The results of the assessment were grouped along the areas described on Ta-
ble 1. The idea was to classify the benefits of integrating and exchanging data 
and information among governmental and non-governmental organizations, re-
gions, and hospital systems, in terms of: 1) Quality of health care (20%); 2) Sus-
tainability in managing work processes and activities among providers, users, 
and service offers (20%); 3) Quality and Sustainability jointly approached (10%); 
and 4) Effectiveness and Efficiency in financial and administrative management 

 
Table 1. Categorization of publications by article title, theme and year 

Article Title Theme Year 

A cost-benefit analysis of Electronic Medical Records in 
Primary Care 

Efficiency and Effectiveness 2003 

The value of Health Care Information Exchange and 
Interoperability: There is a business case to be made for 
spending money on a fully standardized nationwide system. 

Quality 2005 

Toward sustainability of Health Information Systems: How 
can we define, measure and achieve it? 

Sustainability 2007 

The Future of Health Information Technology in the 
Patient-Centered Medical Home 

Quality 2010 

Healthcare Information Technology (HIT) and Economics Efficiency and Effectiveness 2012 

Health Information Exchange: Metrics to address quality of 
care and return on investment 

Efficiency and Effectiveness 2012 

Creating Sustainable 21st century Health Systems: eHealth 
and Health Information Technology 

Sustainability 2013 

HIMSS Transforming Health Through Information and 
Technology (Daniels, 2014) 

Quality and Sustainability 2014 

Cost-Effectiveness of a computerized provider order entry 
system in improving medication safety ambulatory care 

Efficiency and Effectiveness 2014 

Health Information Exchange Readiness for Demonstrating 
Return on Investment and Quality of care 

Efficiency and Effectiveness 2015 

Business analysis for a sustainable, multi-stakeholder 
ecosystem for leveraging the Electronic Health Records for 
Clinical Research (EHR4CR) platform in Europe 

Efficiency and Effectiveness 2016 
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through cost monitoring and improved service protocols (60%). These themes 
are presented in the Literature Review section. 

3. Literature Review 
3.1. Quality in Healthcare 

Information is a powerful tool for institutions and organizations, as it allows to 
manage diverse parameters that dominate their dynamics (Spinola & Pessoa, 
1998). 

A study conducted during the Winter Symposium of the American College of 
Medical Informatics (ACMI-2011) by Payne et al. (2013) has shown that the 
overlap between health ICT and economics, together with healthcare organiza-
tions, might help reform healthcare not only by offering new paths to improve 
value, but mainly by contributing to reformulate care delivery models. ICT may 
also be an important driver of fundamental change in healthcare systems, which 
are facing severe problems with rising costs and national deficit. 

The Healthcare Information and Management Systems Society (HIMSS) has 
conducted a study on operational HIEs, through which different providers such 
as hospitals, clinics, public health agencies, laboratories, and long-stay institu-
tions may access and send data. Basically, they can do it by two methods. The 
first one, pull, is based on search. The second one, called push, is directed. Data 
can be accessed by other providers through HIE, resulting in actual data transfer. 
Both methods ensure that, thanks to health care records, patients receive the best 
continued care even when relocated. 

Khurshid & Luce (2012) recent assessment found a lack of clarity in the value 
of EHRs and HIEs. The authors (2012) recommend evaluating and advancing 
policies to articulate and measure the value of HIEs to users and patients, so that 
different stakeholders may support system-level transformations that enable ex-
change of health information. 

Even with the significant progress in technologies and substantial invest-
ments, the rates of adoption of HIE are low. This may be attributed to resistance 
to change the healthcare delivery system, to a lack of incentives for efficient ex-
change of information, to the process of quality improvement, or even to safety 
in the existing reimbursement and regulatory environment. 

Depending on the type of information shared, the messaging and search 
processes may be combined in different ways to meet a vast array of necessities, 
including: a) deliver diagnostic test results or a case report; b) input data to an 
immunization information system; c) review records for investigation of out-
breaks; d) perform population health surveillance; and e) alert providers about 
opportunities to improve patient care, normally called Clinical Decision Support 
(CDS). 

HIE usually refers to an exchange of information between healthcare provid-
ers. It also includes the possibility that patients View, Download, and Transmit 
(VDT) their own records using the Blue Button functionality (supported by 
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Meaningful Use regulations), which has been a new turning point. Information 
exchange mediated by patients can open an alternative way for HIE to avoid 
some of the privacy and confidentiality issues in the exchange between provid-
ers, as shown in Figure 1. 

However, due to the large number of players that occasionally try to commu-
nicate (doctors, hospitals, pharmacies, laboratories, and now even patients) it is 
not possible to establish individual communications with all potential exchange 
partners. Simple messaging features do not allow more sophisticated exchanges 
such as pull, neither integrate patient information from various care providers 
simultaneously. This is when a Health Information Exchange Organization 
(HIO) may enter the picture to supply these more complex exchange services, as 
shown in Figure 2. 

Walker et al. (2005) estimated the annual benefit of HIEs for the national 
health system as around US $77 billion, based on reduced duplicate testing and 
better coordination of health care. Frisse & Holmes (2007) estimated more 
than a US $8 million annual saving due to use of HIEs in urban emergency 
situations in Tennessee. According to Hook et al. (2006), the potential benefits 
of fully implementing a HIE in the state of New York could amount to $4.54 
billion per year. Kho et al. (2008) estimated that three health systems in Indi-
anapolis could save between US $2.3 and US $4.6 million annually by sharing 
information. 

Another goal of these studies was to gather examples of metrics that could 
prove useful for both already-established and new HIEs. The authors believe that  

 

 
Source: Blumenthal (2010). 

Figure 1. Structure of the HITECH Act for meaningful use of Electronic Health Records 
(EHRs). 
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Source: Blumenthal (2010). 

Figure 2. Facilitating direct messaging with Health Information Organization Exchange (HIO). 
 

this evidence is vital for continuous investment on HIE initiatives by communi-
ties, healthcare systems, governments, and others. 

It is our opinion that a successful eHealth strategy is a critical factor in de-
signing a sustainable model for future healthcare entities. A true, viable, popula-
tion-focused eHealth model based on robust information technology includes: 
• Sharing health care records to facilitate planning and communication be-

tween health care and social care providers 
• Systematizing patient care to promote safety and effective care 
• Planning coordinated care to guarantee that patients receive the right care in 

all possible healthcare scenarios. 
Although every community has its own history, needs, and goals, a careful 

and continuous approach to eHealth is essential to transform health systems. A 
practical route to follow includes five components: 1) documented benchmarks 
and goals; 2) adoption of a proven, connected health record solution for the 
whole community; 3) investment to engage patients and providers; 4) better use 
of information at the point of care; and 5) continuous measurement and im-
provement. 

Intersystems (2015) names 4 critical elements in an eHealth program: 
1) The right foundation: shared virtual care records. The community-wide 

model has different stakeholders, regulatory contexts, processes, IT systems, and 
funding. The proper foundation for population-focused eHealth is not only the 
EMR, but also the shared virtual care record, that is, the patient’s electronic 
record, as shown in Figure 3. 

2) The right tool for the job: speed at the point of service. Optimal popula-
tion health management requires safe, high-quality care for everyone. 

3) Do the right thing: the IHI describes this as the Triple Aim—excellent 
quality, optimal costs, and improved population health. Sharing care plans is a 
necessity for community health. 

4) The right focus: actionable analytics. The saying “what gets measured gets 
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managed” applies to healthcare. This is the reason why accurately measured 
quality and performance indicators have become globally widespread in health-
care systems (Intersystems, 2015). 

In eHealth, this new environment must include the community, engage pa-
tients, and improve results. Experience has shown that adequately implemented 
healthcare systems are able to: a) eliminate information silos; b) align a common 
plan; c) guarantee that participants have a better work tool; d) help continuous 
learning improve the system. 

3.2. Sustainability in Managing Work Processes and Provider, 
User, and Service Activities 

Brown & Ulgiati (1999) developed an important sustainability index called 
Emergy Sustainability Index (ESI). The emergy yield ratio is defined as the ratio 
of the emergy of the output of the system (Y) and the emergy of acquired servic-
es and resources that are input to the system (F). The Emergy Loading Ratio is 
defined as the sum of the emergy of local non-renewable sources (N) and ac-
quired resources or services (F) divided by the emergy of the free environmental 
emergy available from local renewable sources (R) (Garde et al., 2007). This in-
dicator is shown in Figure 4. 

Systematic corrective action, sustainably measured in a health information in-
frastructure, needs to identify and analyze the inputs, outputs and stored re-
sources of the systems they use, thus resulting in a similar sustainable Emergy 
environmental analysis. Where the Input is the services and resources inserted  

 

 
Source: Intersystems (2015). 

Figure 3. Shared virtual care record. 
 

 
Figure 4. Formula to calculate the Emergy Sustainability Index. 
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into the system. The Output are non-renewable local sources system. And the 
stored resources are qualified as those used non-renewable. Being able to use 
different standards of measurement, e.g. grams, dollar, etc. Therefore, the objec-
tive here for Emergy is to make it possible to express the cost of a process or 
product in energy equivalent, which is considered to be a fundamental energy 
resource. For a given health system, it is necessary to identify and analyze the 
inputs, outputs and stored resources of system according to Table 2. 

Under the perspective of enablers and inhibitors, the most important pillar of 
a clinical system is agreement on its clinical content, which fosters semantic 
quality and interoperability between systems. This, in turn, enables intersystem 
data exchange and migration, thus supporting clinical decision making. 

A repository of free clinical content models may be developed and used 
thanks to a “flexible standardization” of their content, as suggested by Garde et 
al. (2007). The selected technology should be able to cope with the constant 
changes in healthcare and health knowledge without the need to alter a large 
amount of source code. It should also provide a technical basis for semantic and 
sustainable interoperability. This is important as it allows systems to exchange 
data and information without loss; in addition, it avoids vendor lock-in. 

As Moore (2006) states: “You need the ontology, the information model and 
services. [..] If you have one and don’t have the others, it won’t help”. For Garde 
et al. (2007), ontology and services are relatively well understood, but the infor-
mation model is mostly unknown. At this stage the openEHR approach, which is 
based on a stable, generic information model, becomes greatly relevant. The 
two-leveling openEHR dissociates technical knowledge (the software’s informa-
tion model) from clinical knowledge (expressed in archetypes) to obtain seman-
tic interoperability. 

Every technology should be designed based on independent components, so 
that a replacement can be made at a certain point without compromising the 
sustainability of the whole infrastructure. Implementing an open code will help 
validate and evolve their specifications. Moreover, if the initial code base is good 
enough to let other people collaborate, the open source components can serve as 
building blocks for high-level HIS applications. Systems such as Linux, Apache, 
OpenBSD, JBoss, Hibernate, and Ant may be part of the present technical infra-
structure and greatly contribute to sustainability. 

 
Table 2. Inputs, outputs, storage for health information systems and inhibitors for their 
sustainability. 

Item Input/output of the system and any item stored within it. Some items are 
the same as usually used for analysis of environmental emergy, some are 
distinct. 

Data Raw data measured in joules, grams, dollars, or any other adequate unit. 

Solar Energy per Unit Factor to transform the data into solar emergy. 

Solar Energy Calculated as: Data x Solar Emergy per Unit 

Source: Garde et al. (2007). 
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The worldwide acceptance of EHRs has been accelerated by the rich input of 
clinical data by healthcare professionals. Transfer of inpatients to ambulatory or 
other models of fragmented service delivery using multiple healthcare providers, 
data transferability, interoperability, and access timing have grown in impor-
tance. This means that the growth of investigative EHRs will enlarge the popula-
tion base to improve healthcare models and research results. 

Thus, minimal data research has been growing in the world of data integra-
tion, health information exchange, support systems for clinical decision making, 
and knowledge creation, as huge investments are being made in this area of re-
search. 

Considerable obstacles must be overcome, including privacy and security is-
sues, technological, economic, political, and professional practices, as well as so-
cial barriers that hinder the spread of EHR. In particular, we mention patient 
safety and high-quality care, ease and accuracy of access, and consensus so that 
researchers may use patient information. 

In Europe and other countries around the world, for example, promoting the 
use of health data research has led to a cohesive development of the research 
platform and to accreditation and certification programs that ensure that the 
highest quality standards are met. This has contributed to establish legitimate 
better practices to create a sustainable ecosystem through innovation and excel-
lence. 

3.3. Effectiveness and Efficiency in Financial and Administrative 
Management through Cost Monitoring and Service Protocol 
Improvement 

Information is a crucial strategic input that may influence businesses; it is in-
creasingly becoming a basis for competition (McGee et al., 2004). 

In terms of effectiveness and efficiency, sustainability and quality of care, 
there are substantial visible and invisible costs associated to the implementation 
of hardware and electronic medical records, such as software license fees and 
constant updates, and lower productivity and speed levels while teams adapt to 
new operational standards. In addition to initial labor costs, medical companies 
will need internal or outsourced IT staff to perform backup, routine mainten-
ance, and patient safety management. 

The main tools available to deal with these issues are Total Cost of Ownership 
(TCO), which reflects the cost of acquiring new technologies, as well as all the 
costs associated to this acquisition, such as: staff, maintenance, training, users, 
failures, etc. (Google Cloud QI Network, 2019). 

Acquisition Costs relate to the purchase of software and hardware, taking into 
consideration: 
• Purchase of equipment to setup or update the system’s structure 
• Depreciation of hardware 
• Work hours spent in market research related to choosing platforms and sup-

pliers. 
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Implementation Costs relate to evaluation of: 
• Hiring external consultancy to help configurate the system 
• Occasional changes in servers 
• Hardware and software implementation. 

Maintenance and Support Costs are related to the implementation of new 
systems, functions, warrants, updates, licenses, staff, and outsourcing. 

There is also the possibility to share costs related to the nature of operations, 
that is, direct or indirect costs. 

The main characteristic of Direct Costs is that they are quantifiable. They in-
volve: 
• Support (training, manuals, trips, etc.) 
• Software acquisition (licenses, updates, etc.) 
• Management (systems and networks) 
• Communication (infrastructure and fees) 
• Development of content and applications. 

Indirect Costs, which are hidden and unbudgeted, may often complicate mea-
suring the investment made. These costs are those involved in casual support, 
the time during which tools or equipment remain inoperative, losses in produc-
tivity, repair processes, and setbacks that happen along the way. 

It is important to take into consideration product and asset lifetimes, which 
are of two types: 
• Depreciable lifetime: the number of years for product or asset depreciation. 

Durable goods, for example, usually have around a 5-year depreciable life-
time. 

• Economic lifetime: years for the acquisition to give its owner financial re-
turn, which may be calculated based on the costs of keeping and operating it. 
When these costs exceed the product’s return, it is a sign that its economic 
lifetime has ended. 

In addition to TCO, it is important to take into account the calculation of the 
Total Benefits of Ownership (TBO), which are directly involved in the purchase 
of a product or asset. Whereas TCO determines the cost of acquisition, TBO 
aims to evaluate the return of this investment. TCO is useful both to measure the 
impact of an investment in a certain area, and to serve as a basis for a compara-
tive analysis between different products and assets, offering strategic alternatives. 
Using TBO precisely and accurately requires calculating the Total Return of 
Ownership (TRO), which quantifies the net return obtained through the tech-
nology. As these calculations use comparative tables, punctuation systems, and 
other similar tools, they are considered more complex than TCO. Because of 
that, TBO becomes a metric as crucial as TCO itself, as it uses inputs that are 
more comprehensive and realistic, such as associated costs, flexibility, and im-
plementation risk. 

In business systems, data and information are some of the most important 
resources for decision making. Organizations need an information network 
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comprising diverse technical, scientific, managerial, methodological, economic, 
legal, environmental, and political aspects. 

The Nationwide Health Information Network (NHIN) implemented in the 
United States on a state, regional, and local basis, with sustainability models and 
effectiveness in healthcare delivery and in Return of Investment (ROI), has been 
a significant stimulus to convert a regional strategy into a transformational 
long-term strategy. It should be introduced in diverse sectors with stakeholders’ 
initiatives aiming at external investment for HIEs. 

There is also an opportunity for ICT positively influence healthcare expenses, 
providing a return on the investment on a national level (Payne et al., 2013). The 
authors (2013) stress that the present dependency on data is noticeable both in 
health organizations and in healthcare providers, in terms of attention given to 
ontologies and terminologies, patient safety and its huge economic/financial im-
plications, privacy, bioinformatics, population health, and healthcare equity. 

Payne et al. (2013) study has shown how costly health care and health insur-
ance have been for the US in the past 10 years. Of these expenditures, 31% is 
spent on hospital care, 21% on medical services, 10% on prescription of drugs, 
and 8% on nursing home care, with the remaining 30% dispersed around capital 
investment, insurance profits, administrative costs, home care, public health, 
and other health-related items. 

On the other hand, American legislation requires better use of certified EHRs 
regarding the exchange of clinical data and report of quality metrics. The legisla-
tion proposed the application of the concept of Meaningful Use to demonstrate 
to both healthcare organizations and healthcare providers that using EHRs is not 
always associated to high levels of quality. Adjusting to the HITECH act is ne-
cessary to enhance care quality, safety, and efficiency. However, when properly 
adjusted, healthcare data help decisions made by providers, insurance officers, 
American government officers, patients, and families, increasing efficiency in 
communication and administrative functions. 

Kaiser Permanente is one example of a US healthcare organization that im-
plemented EHR to transform care and service delivery by improving quality 
outcomes, patient satisfaction and engagement, and management of a growing 
population. At the same time, this system reduced unnecessary services and in-
efficient processes to help the organization achieve the effectiveness of a top or-
ganization (Payne et al., 2013). 

Patients more and more use mobile applications for health monitoring and 
treatments; healthcare providers are increasingly becoming specialized to meet 
this demand. This renders HIS interoperability critical for the sustainability 
process. Consequently, potential investment on interoperability and sustainabil-
ity should have a positive clinical impact. 

Using HIE should take into consideration the Nationwide Health Information 
Network (NHIN), which is a set of standards, services, and policies that can be 
used by federal agencies and healthcare providers to safely exchange information 
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on health and consumers via the internet on both a national and local basis. This 
initiative is sponsored by the National Coordinator’s Office (NCO) for Health 
Information Technology (HIT), which started developing the NHIN in 2004 to 
supply different entities a shared platform for exchanging health data and in-
formation all over the United States (Rouse & Holman, 2019). 

Note that the NHIN is a fundamental prerequisite for information exchange 
on a national level. It is also one of the main objectives of the Health Informa-
tion Technology for Economic and Clinical Health (HITECH) Act enacted by 
the American government in February, 2009 with the purpose of structuring 
how the country should collect, store, and use health-related information. In the 
healthcare field this program involved the commitment to digitalize the US 
health information system. This act would assign up to 29 billion dollars along 
10 years to support the adoption of Meaningful Use in Electronic Health 
Records (EHRs), aiming to improve health and healthcare, as well as other types 
of health information technology (Modena, 2019). 

Implementing NHIN depends on state, regional, and local HIEs with sustain-
able and effective models for sharing electronic information that demonstrate 
improved efficiency and effectiveness in health care delivery and Return on In-
vestment (ROI) (Khurshid & Luce, 2012). ROI Analytics, in its more orthodox 
economic version, is a powerful tool that CIOs use to quantitatively measure the 
potential success of a business or IT project. It is also used to measure the finan-
cial benefits of an investment versus the financial return yielded, as well as to 
guide organizations in evaluating how and where to apply resources. ROI Ana-
lytics is associated to improved procedures and patient satisfaction; it is a con-
stant in academic and non-academic discussions about how to maintain quality 
standards in medical care. 

ROI is calculated as the Return/Benefit on an investment minus the Cost of 
the investment divided by the Cost of the investment, resulting in a percentage 
or ratio, as shown in Figure 5. 

Dupont et al. (2017) performed a SWOT (Strengths, Weaknesses, Opportuni-
ties, and Threats) analysis of the Electronic Health Record for Clinical Research 
(EHR4CR) platform as a service provider to identify and assess solutions for the 
political, economic, social, technological, and legal aspects of its comprehensive 
multi-stakeholder market and business ecosystem. 

Dupont et al. (2017) investigation revealed perceived needs and potential op-
portunities in developing and implementing technological solutions that may 
improve sustainability in clinical research processes along the following themes: 
• Demographic information 

 

 
Figure 5. Formula for calculating return on investment (ROI). 
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• Areas for improvement in clinical research; 
• Key opportunities 
• Expected benefits from the EHR4CR platform and services. 

Therefore, internal and external stakeholders act as EHR4CR partners from 
different Information Communication Technologies (ICT) areas, such as aca-
demic centers, vendors of EHR and Electronic Data Capture (EDC) systems, 
Contract Research Organizations (CROs), clinical research sites, patient lawyers, 
hospitals, health agencies, pharmaceutical industry, etc. 

The market analysis emphasized the importance of developing a business 
model comprising multi-stakeholders with shared interests, as shown in Figure 
6. 

The value chain illustrated in Figure 6, developed by the Business Modelling 
Innovation Task Force (BMI-TF), consists of a market where distinct groups of 
stakeholders provide each other with network benefits. In a traditional value 
chain, value moves from left to right. To the left is cost; to the right is revenue. 
So, this value chain shows how stakeholders are interdependent in creating, de-
livering, and optimizing value across the EHR4CR network. 

The BMI-TF identified a key group of stakeholders and segmented them into 
4 categories: Providers, Funders, Users, and Beneficiaries of EHR4CR solutions. 

Using the perspective of the EHR4CR for service providers, the BMI-TF de-
veloped a Canvas business model with the following building blocks: 
• The customer segments of the EHR4CR service providers 
• The type of customer relationships and channels to be developed 
• Activities 
• Resources and partnerships to be implemented and developed 
• The cost structure and revenues that will permit to deliver the value proposi-

tions to the customer segments, in a sustainable way. 
The financial scheme was developed considering an EHR4CR service provider 

with high estimated expenses and revenues. The expenses were estimated in re-
lation to the scope of activities to be implemented. These aspects were defined  

 

 
Source: Dupont et al. (2017). 

Figure 6. Optimizing the EHR4CR Multi-Stakeholder Value Chain. 

https://doi.org/10.4236/ti.2020.113005


M. J. A. Salomi, P. B. Claro 
 

 

DOI: 10.4236/ti.2020.113005 74 Technology and Investment 
 

and discussed by the BMI-TF considering the scope of the EHR4CR ecosystem, 
the multi-stakeholder value chain, the market analysis, the business intelligence 
(BI) gathered during strategic forums, and the perceived success factors. An im-
plementation roadmap was also designed to leverage the sustainability strategies to 
optimize delivery of the EHR4CR benefits to stakeholders (Dupont et al., 2017). 

The clinical research processes identified the following needs: 
• Patient identification for recruitment in clinical trials (70% of respondents) 
• Time needed to conduct clinical trials (59%) 
• High costs and workload in clinical research (54%) 
• Protocol feasibility for taxation/fees (50%) 

A market analysis has also emphasized the importance of developing a busi-
ness model encompassing multiple stakeholders with mutual interests. The value 
propositions developed for the EHR4CR platform reflect the unmet needs of 
different stakeholder segments, which are summarized in Table 3. These value 
propositions were proven relevant while the EHR4CR technical approach and 

 
Table 3. EHR4CR value propositions adapted by stakeholder group. 

Stakeholder Segment Expected Benefits 

Service Providers • Enable seamless technological solutions for the research use of 
EHR-health data 

• Build and grow a profitable and sustainable business landscape 
• Leverage new business opportunities 

Clinical Trial Sponsors 
(pharmaceutical industry, 
CROs, CRUs) 

• Enhance the efficiency of clinical trial processes 
• Reduce the time and costs of bringing new drugs to market 
• Generate added value 

Hospitals, Clinical Research 
Centers, Clinical Investigators 

• Participate in more clinical research programs 
• Improve health data quality 
• Enhance health care pathways 
• Increase research activities and revenues 

ICT Industry (EHR/EDC 
vendors) 

• Provide EHR solutions that will support interoperable clinical 
data capture and exchange 

• Develop business channels 
• Grow existing market 

Patients • Benefit from more patient-centered clinical trials 
• Gain access to safe and effective medicines, towards improving 

health outcomes and safeguarding patient safety 

Regulatory Bodies, Health 
Technology Assessors 

• Generate high quality clinical efficacy, safety, cost-effectiveness 
and comparative effectiveness evidence 

• Support decision-making (marketing authorization, 
reimbursement recommendations) 

Health Authorities, Health 
Care Planners, Governments 

• Enhance health policies, public health programs and decisions 
for optimizing health care delivery and patient outcomes 

European Clinical Research 
Market 

• Attract more R&D investments in Europe 

Source: Dupont et al. (2017). 
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business model were being developed and refined, thus confirming the expected 
benefits, efficiency, effectiveness, and success factors that would be necessary for 
each stakeholder to accomplish them. 

In order to assess the economic sustainability of EHR4CR in Europe, the 
number of commercial and non-commercial sponsors for a 5-year period was 
estimated. The estimated per-patient costs (in US$) obtained through access of 
the Cutting Edge database during the first quarter of 2013 include: a) patient re-
cruitment; b) supplier fees; c) technology; d) site retention de; e) data cleaning; f) 
statistical analyses; g) reports; and h) patient retention costs. 

As global average per-patient costs vary across therapeutic and geographic 
areas and considering volatile exchange rates over the duration of the project, 
Dupont et al. (2017) used a conservative average per-patient cost of €10,000 and 
an estimated average of 250 - 500 patients per clinical trial (CT) to propose the 
business model. To estimate the potential fees for service, the model applied in-
creasing percentages to the baseline estimate of per-patient costs, multiplied by 
the estimated average of patients per CT. 

Using the statistics database called EudraCT 2014, the projected values were 
then compared, confirming the accuracy of the BMI-TF estimations. Phase IV 
Clinical trials were defined as well-controlled, post-registration clinical trials fo-
cusing on special populations, or comparing a new intervention with current 
treatments. This is shown in Table 4. 

As a result, the BMI-TF estimated that 5 to 15 EHR4CR service providers 
could jointly reach a 5% - 10% market share in Europe over 5 years. The poten-
tial 5-year market size (number of potential CTs) per EHR4CR service provider 
was estimated by applying the EHR4CR market shares to the estimated number 
of CTs in Phases II, III, IV that could use EHR4CR services, divided by the esti-
mated number of service providers. This is shown in Table 5. 

The widespread development of EHRs in Europe and the development of the 
EHR4CR platform are proving to be an innovative, pioneering opportunity for re-
search using EHR health data on a scalable approach. This may generate new busi-
ness opportunities with significant growth potential for all involved stakeholders, 

 
Table 4. Estimated ranges of commercially and non-commercially sponsored Phase II, 
III, IV CTs in Europe. 

Type 
Estimated annual number of Phase 
II, III, IV CTs (estimated ranges)a 

Estimated 5-Year Cumulative 
Forecast (estimated ranges)b 

Commercial 1000 - 1500 4900 - 9285 

Type 
Estimated annual number of 

Phase II, III, IV CTs (estimated 
ranges)a 

Estimated 5-Year Cumulative 
Forecast (estimated ranges)b 

Non-commercial 1580 - 1680 7740 - 10,395 

Total 2580 - 3180 12,640 - 19,680 

Source: Dupont et al. (2017). aEudratCT 2012 (based on estimated baseline). bRanges derived using phar-
maceutical industry 5-year projections (2014-2018); Clinical Trials (CT). 
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Table 5. EHR4CR business model assumptions. 

Assumption Estimated Cumulative 5-year Rangesa 

Estimated number of EHR4CR Service Providers 05 - 15 

EHR4CR estimated 5-year total CT market shares 05% - 10% 

Estimated number of Phase II, III, IV CTs for EHR4CR 
solutions 

632 - 1938b 

Total 5-year (min. and max.) estimated number of Phase 
II, III, IV CTs per EHR4CR Service Provider 

42 - 394 

Source: Dupont et al. (2017). aRanges established by the BMI-TF. bDerived from applying 5% - 10% to the 
estimated 5-year forecasted ranges (Table 4). Clinical Trials (CT). 

 
as well as add value to those responsible for clinical trials, thus benefitting pa-
tients, health systems, and society at large. 

The resources to be deployed include IT experts, sales and marketing re-
sources, management and administrative support. Standards should be estab-
lished with key stakeholders to: a) accelerate the adoption of EHR4CR services; 
b) identify needs of new business and channels; and c) develop new solutions. By 
promoting the use of health data research, guiding a cohesive development of 
research platforms, and designing accreditation and certification programs to 
ensure that the highest quality requirements and standards are met, this system 
will contribute to establish true best practices and achieve a sustainable ecosys-
tem driven by innovation and excellence across Europe and the world. 

Forrester et al. (2014), in another study conducted in the USA, estimated the 
cost-effectiveness of Computerized Provider Order Entry (CPOE) in reducing 
medication errors and Adverse Drug Events (ADEs) in the ambulatory envi-
ronment. They created a decision-analytic model to estimate the cost-benefit re-
lationship of CPOE in a multi-disciplinary, mid-sized medical group with 400 
providers over a 5-year period (from 2010 to 2014). During this timeframe, these 
health systems were implementing CPOE to meet the Meaningful Use criteria. 
The authors (2014) adopted the perspective of a medical group with their costs, 
changes in efficiency, and actual number of errors in medication and ADEs. 
One-way, probabilistic sensitivity, and scenario analyses were conducted in the 
explored setting. The results showed that CPOE cost US$18 million less than 
paper prescriptions and that it was associated with over 1.5 million fewer medi-
cation errors and 14,500 fewer ADEs during the 5-year period. In a setting with 
five providers, CPOE cost US$ 265,000 less than prescriptions on paper and was 
associated to 3875 fewer medication errors and 39 fewer ADEs over 5 years. 
CPOE was also dominant in 80% of the simulations. 

Published systematic reviews suggest that CPOE is associated with a 13% to 
99% reduction in medication errors and a 30% to 84% reduction in Adverse 
Drug Events (ADEs) by Ammenwerth et al. (2008) and Shamliyan et al. (2008). 
In the ambulatory environment, CPOE, even with limited clinical decision sup-
port alerts to guide orders, was associated with a 55% reduction in errors, by 
Devine et al. (2010a). 
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CPOE has gained support despite reports of initial problems related to drop- 
down boxes according to Devine et al. (2010b), resistance to adoption by Weiner 
et al. (1999), interruption of workflow according to Poon et al. (2004), increase 
in workload, and even increase in the number of errors by Ash et al. (2009). In 
the past 5 years it has become an integral part of learning in the healthcare sys-
tem according to Koppel et al. (2005) and Johnson (2011). Current research is 
working on alert fatigue using methods from human factor engineering by Olsen 
et al. (2007) and Riedmann et al. (2011). A new area of focus is the workflow ac-
cording to Scott et al. (2011). New works continue to improve CPOE systems with 
clinical decision support to further reduce medication errors and increase pre-
scribers’ adherence to guidelines by Baysari et al. (2011) and Austrian et al. (2011). 

One of the main barriers to adopting CPOE and EHRs has been the high ini-
tial investment. Incentives to utilize Meaningful Use reduce this cost barrier, 
promoting higher acceptance with the ultimate goal to improve patient safety. 
However, few studies have estimated the system’s long-term costs in relation to 
its safety benefits. 

The Everett Clinic works with approximately 18 health plans. Each plan has 
its own clinical formulary, and together they order 2.7 million prescriptions per 
year. In 1995, the Everett Clinic acquired a web-based EHR system with point- 
and-click functions and electronic prescribing integrated into an existing EHR. 
This system included scheduling, chart notes, laboratory and imaging reports. A 
basic CPOE software was designed in 2004 and introduced between 2004 and 
2006 to generate new and refill prescriptions. Clinical decision support alerts 
were limited to basic dosing guidance, duplicate therapy checks, and calculation 
of pediatric dosing. The prescriptions could be electronically transmitted to 
more than 200 local pharmacies in Figure 7. 

 

 
Source: Forrester et al. (2014). 

Figure 7. Decision analytic model ADE, adverse drug event; CPOE, computerized provider 
order entry. 
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The costs of the system represent those costs actually incurred by the Everett 
Clinic to implement CPOE in the first 3 years (2004-2006) and the annual, re-
curring costs between years 1 and 5 (2004-2008). 

Using the system in other medical groups may result in more drastic cost sav-
ings and higher safety if the computers are installed in examination rooms, or if 
the system has more sophisticated alerts to support clinical decision making. 
However, the groups which adopt CPOE but are unable to make a complete 
transition may not profit from cost savings as great as the ones observed for the 
Everett Clinic. The estimates and their respective intervals for all cost and er-
ror/ADE probabilities inputs are listed in Table 6. 

 
Table 6. Cost and medication error/ADE inputs: Base-case and scenario analyses. 

Model parameters Paper system (range) CPOE system (range) Distribution used (PSA) 

COSTS* 
   

CPOE system costs (The Everett Clinic data) 
   

CPOE hardware, software, and maintenance costs† (thousands) ($) 

Year 1, 2010 NA 373 (355 - 392) Normal 

Year 2, 2011 NA 675 (642 - 709) Normal 

Year 3, 2012 NA 541 (514 - 568) Normal 

Year 4, 2013 NA 92 (88 - 97) Normal 

Year 5, 2014 NA 92 (88 - 97) Normal 

Personnel costs‡ (CliniTech and The Everett Clinic employees) (thousands) ($) 

Year 1, 2010 NA 555 (528 - 583) Normal 

Year 2, 2011 NA 625 (493 - 656) Normal 

Year 3, 2012 NA 639 (607 - 671) Normal 

Year 4, 2013 NA 639 (607 - 671) Normal 

Year 5, 2014 NA 639 (607 - 671) Normal 

Indirect costs (%) NA 
3% of CPOE system and 

personnel costs 
Beta 

Administrative costs 
   

Total The Everett Clinic prescriptions written per year 
(millions) 

2.7 (2.65 - 2.84) 2.7 (2.65 - 2.84) Normal 

Annual rate of increase in prescriptions written (%) 1 (0.1 - 2) 1 (0.1 - 2) Beta 

Chart pulls (The Everett Clinic data) 
   

Charts pulled per day per provider 10 (5 - 12) 5 (3 - 7)§ Normal 

Days worked per provider per year 224 (202 - 246) 224 (202 - 246) Normal 

Cost per chart pull ($) 5 (3 - 7) 5 (3 - 7) Normal 

Prescription queuing 
   

RN time per Rx (s) 83.2 (70.6 - 96.1) 76.0 (64.4 - 87.5) Normal 

MA time per Rx (s) 114.1 (96.8 - 131.4) 133.9 (113.8 - 154.1) Normal 
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Continued 

Rx queued by an RN (% of all Rxs) 40 (32 - 48) 40 (32 - 48) Beta 

Rx queued by an MA (% of all Rxs) 18 (14 - 21) 27 (22 - 32) Beta 

Time spent prescribing, per prescriber 
   

New prescription (s) 47.16 (39.96 - 54.00) 74.88 (63.72 - 86.40) Normal 

Refill prescription (s) 46.08 (39.24 - 52.92) 60.12 (51.12 - 69.12) Normal 

Prescribing costs 
   

Number of providers (The Everett Clinic data) and compensation (Nanji et al., 2011) 
  

Primary care providers (PCPs) (n) 129 (116 - 142) 129 (116 - 142) Normal 

Hourly salary ($), PCP 81 (72 - 89) 81 (72 - 89) Normal 

Annual rate of increase in PCPs employed (%) 1 (0.5 - 1.5) 1 (0.5 - 1.5) Beta 

Mid-level providers (MLPs) (n) 25 (23 - 28) 25 (23 - 28) Normal 

Hourly salary ($), MLP 51 (46 - 56) 51 (46 - 56) Normal 

Annual rate of increase in MLPs employed (%) 5 (3 - 7) 5 (3 - 7) Beta 

Specialty providers (n) 226 (203 - 249) 226 (203 - 249) Normal 

Hourly salary ($), specialty providers 106 (95 - 142) 106 (95 - 142) Normal 

Annual rate of increase in specialty providers employed 
(%) 

1 (0.5 - 1.5) 1 (0.5 - 1.5) Beta 

Hourly salary ($), RN 36 (32 - 40) 36 (32 - 40) Normal 

Hourly salary ($), MA 17 (15 - 18) 17 (15 - 18) Normal 

Hourly salary ($), OA 17 (16 - 20) 17 (16 - 20) Normal 

FINANCIAL INCENTIVES 
   

Incentive-eligible prescribers (The Everett Clinic data) (%) 0 72 Normal 

HITECH Meaningful Use incentives, per prescriber ($) (US Bureau of Labor 
Statistics)   

Year 1, 2010 NA 0 Normal 

Year 2, 2011 NA 18,000 Normal 

Year 3, 2012 NA 12,000 Normal 

Year 4, 2013 NA 8,000 Normal 

Year 5, 2014|| NA 4,000 Normal 

Pay-for-performance incentives 
   

Office visits per year (thousands) (The Everett Clinic data) 650 (625 - 675) 650 (625 - 675) Normal 

Annual rate of increase in visits (%) 1 (0.5 - 1.5) 1 (0.5 - 1.5) Beta 

10-min visits (%) 5 (4 - 6) 5 (4 - 6) Beta 

15-min visits (%) 35 (30 - 40) 35 (30 - 40) Beta 

25-min visits (%) 40 (35 - 45) 40 (35 - 45) Beta 

40-min visits (%) 10 (8 - 12) 10 (8 - 12) Beta 

CMS reimbursement, per patient per visit ($) (CMS 
Centers for Medicare & Medcaid Services, 2018a)    

10-min visit 40 (36 - 44) 40 (36 - 44) Normal 
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Continued 

15-min visit 65 (58 - 71) 65 (58 - 71) Normal 

25-min visit 98 (88 - 108) 98 (88 - 108) Normal 

40-min visit 133 (120 - 146) 133 (120 - 146) Normal 

EVENTS (Devine et al., 2010) 
   

Medication error and ADE probabilities (as proportion of total prescriptions) 

Probability of medication error 0.182 0.067 Lognormal 

Clinical medication error 0.073 0.043 Lognormal 

Potential ADE 0.072 0.042 Lognormal 

Preventable ADE 0.001 0.001 Lognormal 

Administrative medication error 0.108 0.024 Lognormal 

Potential ADE 0.108 0.024 Lognormal 

Preventable ADE 0 0 Lognormal 

SCENARIO 4: SMALL PRACTICE MODEL 
   

Cost of CPOE implementation (Year 1) ($) (CMS Centers 
for Medicare & Medcaid Services, 2018b) 

NA 3,921 Normal 

Cost of CPOE maintenance (Years 2 through 5) ($) (CMS 
Centers for Medicare & Medcaid Services, 2018b) 

NA 2,209 Normal 

Number of patients per panel (Bell et al., 2011) 1,800 1,800 Normal 

Source: Forrester et al. (2014). *All costs are in 2010 US dollars. †Hardware costs in year 1 reflect wireless installation; hardware costs in years 2 and 3 reflect 
switch to wired installation of computers in most examination rooms; hardware costs in years 4 and 5 reflect installation in remainder of the examination 
rooms; the expected life of hardware is 5 years. Software costs include the cost of the operating system, drug database, and virus protection; maintenance 
costs include costs for maintaining secure Internet connections and costs for parts and labor for failed equipment. ‡Personnel costs reflect software devel-
opment, software maintenance and updating, testing and training, and ongoing helpdesk support. Personnel costs are included for the following types of 
personnel, each working part-time on CPOE implementation: one project manager, two programmers, one network security administrator, one database 
administrator, and one application support person. The helpdesk was staffed by one technical person and two clinical pharmacists who specialized in CPOE 
implementation. §For first year only. # Meaningful Use incentives truncated at year 4 to align with 5-year life of computer hardware. 
 

The CPOE strategy cost US$ 18 million less than prescriptions on paper and 
was associated to approximately 1.5 million fewer medication errors and 14,500 
fewer ADEs. The probabilistic sensitivity analysis confirms that CPOE was the 
dominant strategy in 99.6% of the Monte Carlo simulations for medication er-
rors, and in 98.9% of the simulations for ADEs, as presented in Table 7. The 
one-way sensitivity analyses reveal that the main determinant factors of uncer-
tainty in the models are the salary and number of specialty care providers, the 
number and cost of charts, and the number of prescriptions ordered per year. 
The cost-effectiveness acceptability curve illustrates the probability that the 
CPOE system is profitable at various levels of willingness-to-pay per ADE 
avoided. The probability that the CPOE system is cost-effective is more than 
98% until willingness-to-pay reaches approximately US $16,000, when it drops 
slightly, remaining steady at more than 97% for the remaining levels. 

With an over 95% probability that a CPOE will be profitable at a willingness- 
to-pay of approximately US $10,000 to avoid an ADE, there is strong evidence that 
its implementation offers a good cost-benefit relationship to improve safety in 
prescribing medication, resulting in quality of patient care and sustainability of  
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Table 7. Types of errors, administrative and clinical, and probabilities 

Types of errors 

Proportion of 
prescriptions with each 
error type before CPOE 

implementation (%) 

Proportion of 
prescriptions with each 
error type after CPOE 
implementation (%) 

Distribution 
used (PSA) 

Clinical 
   

Contraindication for patients  
≥ 65 years 

0.5 0.2 Lognormal 

Drug allergy 0.2 0 Lognormal 

Drug-disease interaction 0.5 0.2 Lognormal 

Drug-drug interaction 0.5 0.3 Lognormal 

Lack of appropriate laboratory 
monitoring 

2.0 2.1 Lognormal 

Therapeutic duplication 0.3 0.3 Lognormal 

Wrong directions 2.4 1.6 Lognormal 

Wrong dosage form 0.1 0.1 Lognormal 

Wrong dose 0.2 0.2 Lognormal 

Wrong drug 0.3 0.2 Lognormal 

Wrong route 0 0 Lognormal 

Wrong strength 0.3 0.1 Lognormal 

Total proportion of prescriptions 
with clinical errors 

7.3 5.3 
 

Administrative    

Illegible writing 2.0 0 Lognormal 

Inappropriate abbreviations 4.8 0.4 Lognormal 

Missing information 3.8 2.5 Lognormal 

Wrong patient 0.1 0 Lognormal 

Wrong physician 0.1 0 Lognormal 

Total proportion of prescriptions 
with administrative errors 

10.8 2.9 
 

Total proportion of prescriptions 
with any type of error 

18.2 8.2 
 

Source: Forrester et al. (2014). 
 

the whole process. For groups that are unable to implement a complete EHR at 
once, CPOE—or a basic electronic prescription system—may be an important 
first step to achieve effective and efficient cost monitoring, taking into account 
patient safety and cost-saving benefits. Forrester et al. (2014) findings support 
the initiatives of the Institute of Medicine and the CMS to promote the adoption 
of CPOE and electronic prescribing, because this system resulted in safer medi-
cation prescription and cost savings. It also promoted actual efficiency and effec-
tiveness in the process, and increased quality and safety in patient care as well as 
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sustainability in the work processes. 
The application of information technology as done by the Institute of Medi-

cine is one of the main ways to improve health care quality (Wang et al., 2003). 
Two categories of costs associated to implementing electronic medical records 
were identified: system costs and induced costs, as seen in Table 8. System costs 
include costs of software, hardware, training, implementation, and ongoing 
maintenance and support. Induced costs are those involved in the transition 
from a paper-based system to an electronic one, such as the temporary decrease 
in supplier productivity after implementation. 

Software costs (US$ 1600 per provider per year) include the costs of system 
design and development, interfaces to other systems (e.g., registration, schedul-
ing, laboratory), periodic upgrades, and user account costs for support staff. Even 
though these software costs are based on an internally-developed system, they 
are consistent with the license fees for commercially available systems (estimated 
at US $2500 - 3500 per provider for the initial software acquisition), added to an-
nual maintenance and support fees of 12% to 18%. In sensitivity analyses, these 
software costs can vary between 50% and 200% of the baseline value. 

Implementation costs were estimated at US$ 3400 per provider in the first 
year. They include redesign of the workflow process, training, and historical ab-
stracts of charts on paper. Ongoing maintenance and support costs were esti-
mated at US$ 1500 per provider per year. They included the costs of additional 
technical support staff and administration of the system/network. Hardware 
costs were calculated at US$ 6600 per provider for three desktop computers, a 
printer, and network installation. Hardware was assumed to need replacement 
every 3 years. 

Based on their experience, Wang et al. (2003) modeled the induced costs of 
temporary loss of productivity using a decreasing approach, assuming an initial 
productivity loss of 20% in the first month, 10% in the second month, and 5% in 
the third month. Subsequently, productivity would return to baseline levels. 
Based on the average annual provider revenues for their model panel of patients,  

 
Table 8. Costs of electronic medical record system used in the model (per provider in 
2002 US$). 

 
Base Case Sensitivity Analysis (Range) Reference 

System costs 
   

Software (annual license) $1600 $800 - $3200 * 

Implementation $3400 
 

† 

Support and maintenance $1500 $750 - $3000 * 

Hardware (3 computers + network) $6600 $3300 - $9900 * 

Induced costs 
   

Temporary productivity loss $11,200 $5500 - $16,500 * 

Source: Wang et al. (2003). *Data from Partners Healthcare System, Boston, Massachusetts. †B. Middleton, 
MD, MPH, MSc, MedicaLogic, written communication, 1998. 

https://doi.org/10.4236/ti.2020.113005


M. J. A. Salomi, P. B. Claro 
 

 

DOI: 10.4236/ti.2020.113005 83 Technology and Investment 
 

this represented a loss of revenue of US $11,200 in the first year. 
The financial benefits included avoided costs and increased revenues, as well 

as overall efficiency. Wang et al. (2003) obtained the average annual expendi-
tures for a primary care provider before an electronic medical record was im-
plemented and applied to them the percentage of the estimated savings after im-
plementation, as shown in Table 9. The estimated savings for each item varied 
between the values indicated in the sensitivity analysis. The benefits were classi-
fied into three categories: payer-independent benefits, benefits under capitated 
reimbursement, and benefits under fee-for-service reimbursement. 

Standard financial benchmarks were used to attribute the baseline costs for 
adverse drug events, taking into consideration additional ambulatory visits, pre-
scriptions, and admissions. The experts estimated that alerts for alternative drug 
suggestions would help save around 15%—ranging from 5% to 25%—of total 
annual drug costs. This initiative was applied to the baseline annual drug ex-
penditures for the capitated patients in the study. The experts also estimated a 
reduction of up to 8% (ranging from 0% to 13%) in laboratory charges and sav-
ings in radiology orders around 14%—ranging from 5% to 20%—due to use of 
support to decision making. 

As for the benefits from fee-for-service reimbursement, increased revenues 
and reduced losses improved the quality and sustainability of savings after im-
plementation. Digitalizing the form process improves the capture of internal  

 
Table 9. Annual expenditures per provider (in 2002 US$) before electronic medical record 
system implementation and expected savings after implementation. 

 
Annual Expenditures 

before Implementation 
Expected Savings after Implementation 

 
Amount Reference 

Base Case 
Estimated 

Savings 

Sensitivity 
Analysis 
(Range) 

Reference 

Payer independent 
     

Chart pulls $5 (per chart) * 600 charts 300 - 1200 * 

Transcription $9600 * 28% 20% - 100% *, 32 

Capitated patients 
     

Adverse drug events $6500 33 - 36 34% 10% - 70% ‡ 

Drug utilization $109,000 † 15% 5% - 25% ‡ 

Laboratory utilization $27,600 † 8.8% 0 - 13% 37 - 39 

Radiology utilization $59,100 † 14% 5% - 20% ‡ 

Patients Fee-for-service 
     

Charge capture $383,100 † 2% (increase) 1.5% - 5% 25, 40 

Billing errors $9700 † 78% 35% - 95% ‡ 

Source: Wang et al. (2003). *Primary data from the Partners HealthCare Electronic Medical Record System, 
Boston, Massachusetts. †From the Department of Finance, Brigham and Women’s Hospital, Partners 
HealthCare System. ‡Expert panel consensus. 
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procedures that were performed but not documented, resulting in a 2% growth 
in billing capture. The use of an electronic medical record system that is able to 
supply or request the filling out of required fields may reduce financial losses 
due to billing errors. Wang et al. (2003) estimated that digitalizing the form 
would lead to a 70% decrease in errors. They also assumed that initial costs 
would be paid out at the beginning of the first year and that benefits would ac-
crue at the end of each year, as demonstrated in Table 10. 

In the 5-year cost-benefit model (Table 10), the net benefit of implementing a 
full electronic medical record system was of US$ 86,400 per provider. From this 
amount, drug expenditure savings represented the major part of the benefits 
(33% of the total). In the remainder of the categories, almost half of total savings 
came from decreased radiology utilization (17%), decreased billing errors (15%), 
and improved billing capture (15%). 

The “light” electronic medical records, which use the system only to reduce 
costs related to paper-based chart pulls and transcriptions, presented a net cost  

 
Table 10. 5-Year return on investment per provider for electronic medical record implementation. 

 
Initial Cost Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Costs 
       

Software license (annual) $1600 $1600 $1600 $1600 $1600 $1600 
 

Implementation $3400 
      

Support $1500 $1500 $1500 $1500 $1500 $1500 
 

Hardware (refresh every 3 years) $6600 
  

$6600 
   

Productivity loss 
 

$11,200 
     

Annual costs $13,100 $14,300 $3100 $9700 $3100 $3100 $46,400 

Present value of annual costs* $13,100 $13,619 $2812 $8379 $2550 $2429 $42,900 

Benefits 
       

Chart pull savings 
 

$3000 $3000 $3000 $3000 $3000 
 

Transcription savings 
 

$2700 $2700 $2700 $2700 $2700 
 

Prevention of adverse drug events 
  

$2200 $2200 $2200 $2200 
 

Drug savings 
  

$16,400 $16,400 $16,400 $16,400 
 

Laboratory savings 
    

$2400 $2400 
 

Radiology savings 
    

$8300 $8300 
 

Charge capture improvement 
    

$7700 $7700 
 

Billing error decrease 
    

$7600 $7600 
 

Annual benefits 
 

$5700 $24,300 $24,300 $50,300 $50,300 $154,900 

Present value of annual benefits* 
 

$5429 $22,041 $20,991 $41,382 $39,411 $129,300 

Net benefit (cost) $(13,100) $(8600) $21,200 $14,600 $47,200 $47,200 $108,500 

Present value of net benefit (cost)* $(13,100) $(8190) $19,229 $12,612 $38,832 $36,982 $86,400 

Source: Wang et al. (2003). *Assumes a 5% discount rate. 
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of US$ 18,200 per provider, as shown in Table 11. For the “medium” electronic 
medical records, which have added-benefits from electronic prescribing, the net 
benefit was US$ 44,600 per provider. 

This analysis has demonstrated that the net financial return to a healthcare 
organization from using an ambulatory electronic medical record system is posi-
tive across a wide range of assumptions. The main benefits are: a) reduction in 
drug expenditures; b) better use of radiology tests; c) improvement in charge 
capture; and d) decrease in billing errors. The benefits increase as more and 
more features are used and the time span is extended. 

Both capitated and fee-for-service reimbursement produce savings to the 
healthcare organization, but these savings depend on the reimbursement mix: 
the greater the proportion of capitated patients, the greater the total return. 

This includes cost savings in inadequate care, storage and supply costs, subs-
titution of generic drugs, increase in provider productivity, decrease in staff 
needed, increase in reimbursement due to more precise evaluation and man-
agement coding, and decrease in claims denied because of inadequate documen-
tation of medical requirements. The model considered a temporary, 3-month 
productivity loss because some providers suffered a longer period of reduced 
productivity. To measure this effect, a sensitivity analysis was carried out in-
cluding a prolonged productivity loss of 10% a year. A 5-year net benefit of ap-
proximately US$ 57,500 per provider was demonstrated. 

According to Hincapie & Warholak (2011), the focus on using HIE for health 
care results has shown evidence of cost savings in some departments, such as 
Emergency Departments (EDs). The aim was to observe the relationship be-
tween HIE and health care measures (such as increased costs or quality of ser-
vice) and to analyze how using HIE in healthcare may affect care settings such as 
EDs, hospitals, primary care, etc. 

The assessment of ninety-four analyses yielded results concentrated on health  
 

Table 11. Effect of electronic medical record feature set variations on net benefits. 

Feature Benefits Light EMR 
Medium 

EMR 
Full EMR 

Online patient charts Chart pull savings + + + 

 
Transcription savings + + + 

Electronic prescribing Adverse drug event prevention 
 

+ + 

 
Alternative drug suggestions 

 
+ + 

Laboratory order entry Appropriate testing guidance 
  

+ 

Radiology order entry Appropriate testing guidance 
  

+ 

Electronic charge capture Increased billing capture 
  

+ 

Electronic charge capture Decreased billing errors 
  

+ 

Net benefits (costs) 
 

($18,200) $44,600 $86,400 

Source: Wang et al. (2003). 
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care use (71.3%), followed by health care costs (11.7%), quality of care (6.4%), 
care coordination (6.4%), patient experience (2.1%), and disease surveillance 
(2.1%). A total of fifty-four analyses (57.5%) found a beneficial effect of HIEs on 
the result, but 31.9% reported no significant effect of HIEs, and 10.6% found an 
adverse effect of HIEs on the outcomes of health care. The statistically significant 
beneficial outcomes and the study’s characteristics are presented in Table 12. 

Despite recognizing the particular relevance of HIE in settings where rapid 
access to information is of critical importance (such as EDs), future studies 
should focus on other settings besides hospitals and EDs, such as primary care, 
public health, pediatric inpatient care, and long-term care facilities. Such studies 
should consider patient populations still unrepresented in the literature, including  

 
Table 12. Frequency of reporting a beneficial relationship between health information 
exchange (HIE) and various study characteristics. 

Variable Beneficial relationship observed 

Outcomes analyzed Number Percent p value 

Health care utilization (n = 67) 34 vs. 20 50.8 vs. 74.1 0.040 

Health care costs (n = 11) 7 vs. 47 63.6 vs. 56.6 0.750 

Quality of care (n = 6) 4 vs. 50 66.7 vs. 56.8 1.000 

Coordination of care (n = 6) 5 vs. 49 83.3 vs. 55.7 0.240 

Patient experience (n = 2) 2 vs. 52 100.0 vs. 56.5 0.510 

Disease surveillance (n = 2) 2 vs. 52 100.0 vs. 56.5 0.510 

Geographic location    

Variable Beneficial relationship observed 

Outcomes analyzed Number Percent p value 

United States vs. Other 39 vs. 15 66.1 vs. 42.9 0.030 

Study design    

Cohort study (n = 60) 45 vs. 9 75.0 vs. 26.5 < 0.001 

Randomized controlled trial (n = 17) 3 vs. 51 17.7 vs. 66.2 < 0.001 

Quasi-experimental study (n = 12) 2 vs. 52 16.7 vs. 63.4 0.004 

Cross-sectional study (n = 5) 4 vs. 50 80.0 vs. 56.2 0.390 

Study setting    

Emergency department (n = 51) 34 vs. 20 66.7 vs. 46.5 0.050 

Hospital (n = 23) 9 vs. 45 39.1 vs. 63.4 0.040 

HIV Clinic (n = 8) 4 vs. 50 50.0 vs. 58.1 0.720 

Primary care (n= 8) 6 vs. 48 75.0 vs. 55.8 0.460 

Multiple settings (n = 4) 1 vs. 53 25.0 vs. 58+9 0.310 

Years of study    

2008 or previous vs. 2009 or later 11 vs. 43 47.8 vs. 60.6 0.280 

Source: Rahurkar et al. (2015). 
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patients with chronic diseases (e.g., diabetes, asthma, cancer, congestive heart 
disease, and mental health conditions). 

4. Results and Discussion 

Efforts toward adoption of data and information integration and exchange 
among organizations, service providers, communities, regions, and hospital sys-
tems have increasingly demanded the use of ITC resources to get purpose and 
commitment from diverse players. Sharing data and information is still in an in-
cipient stage, as are initiatives that allow different IT systems to communicate. 
The result is that data remain “stuck” in isolated databanks. 

Many countries have realized the need to join efforts aimed to develop the 
adoption of standards for data integration and exchange. The HIMSS study has 
demonstrated that the adoption of operational HIE by hospitals, clinics, and la-
boratories helps ensure that patients receive continued care and the best treat-
ment even when they have to relocate regionally. 

After reading several articles we found works that sought to demonstrate ac-
tual gains in quality of care, sustainability of process management, and effec-
tiveness and efficiency in cost monitoring thanks to data and information ex-
change. The works used as reference were conducted by Walker et al. (2005); 
Wang et al. (2003); Garde et al. (2007); Bates & Bitton (2010); Payne et al. 
(2013); Khurshid & Luce (2012); HIMSS Europe (2013); Forrester et al. (2014); 
Intersystems (2015); and Dupont et al. (2017). 

The low level of adoption of an investment in HIE in 2012 can be considered a 
consequence of resistance to change in the healthcare delivery system, of a lack 
of incentives to efficient exchange of information, or even quality processes and 
the need of more reimbursement security in the regulatory environment. This is 
true even in face of the significant progress in recent years in technologies to 
support this adoption. 

Khurshid et al. (2015) demonstrated that most organizations operating HIEs 
are nonprofit organizations with a budget of at least US$ 1 million. Hospitals, 
ambulatories, care clinics, and laboratories are the most frequent players in 
HIEs. The three data categories exchanged are: test results, medication summa-
ries, and information on patient ambulatory care. In fact, the digital age is 
transforming the world through technological innovations to bring about gains 
not only in the quality of patient care but also in process sustainability and effec-
tiveness of cost monitoring. 

Considering the use of HIEs to obtain a desired ROI, Khurshid et al. (2015) 
reported that two thirds of their respondents agreed that community HIEs 
yielded a positive ROI, whereas one third of the respondents did not have an 
opinion or simply disagreed. The authors (2015) also demonstrated improve-
ments in care quality and delivery. The challenge faced by policy makers and 
healthcare organizations, who are investing millions of dollars in HIE to im-
prove efficiency and effectiveness in healthcare results, is the time needed to 
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gather evidence to confirm this belief. 
Comparative studies of HIE, despite being extremely challenging in a real sit-

uation in the current world, can be adopted through randomized clinical prac-
tices, thus enabling improvements in the population’s health outcomes, as well 
as the use of adopted outcome measures that focus on the quality and coordina-
tion of health care and disease surveillance in the context of population health 
management. 

The continued focus on costs and patient satisfaction measures as well as the 
inclusion of information on the actual use of HIE in terms of the type of infor-
mation (such as laboratory tests and imaging) and the magnitude of the case of 
care outcomes health should also be considered. 

Note that the most important pillar of data and information exchange inside a 
clinical system is clinical content. Semantic interoperability between systems is 
crucial to enable accurate data migration to support clinical decision making. 
When an inpatient is transferred to ambulatory care or to another fragmented 
service model, the main purpose of data and information portability, interope-
rability, and time to access is to collect data to improve the population base for 
healthcare models and research results. 

Dupont et al. (2017) described a business ecosystem that leverages mul-
ti-stakeholder EHR4CR inside a value chain. Value propositions were developed 
to describe the expected benefits from solutions to this system for all its stake-
holders. From the system’s perspective, a business model simulation yielded an 
estimated profitability level of up to 1.8 that could be reached in the first year, 
with a growth potential in subsequent years depending on the projected market. 

On close inspection, many healthcare institutions have already made efforts to 
digitalize their basic administrative processes, such as patient admission, centra-
lized consultations, discharge, or medical episode recording with relevant cod-
ing. This has helped improve some processes and may enable to develop studies 
on hospital activities. However, nowadays organizations have to deal with situa-
tions that demand criteria for real-time management and automation in order to 
achieve sustainability of the whole process. Administrative tasks have to be 
eliminated not only from clinical practice but also from patient relationship 
management toward enhancing quality of care, as well as efficiency in cost man-
agement. Telemedicine, Big Data, and Business Intelligence have greatly contri-
buted to reaching these goals. 

Forrester et al. (2014) demonstrated that the CPOE system for electronic pre-
scription resulted in a healthcare organization saving US $18 million by reduc-
ing paper prescribing. This system was also associated to 1.5 million fewer me-
dication errors and 14,500 fewer ADEs in over 5 years, being dominant in 80% 
of the simulations. The cost-effectiveness acceptability curve showed the proba-
bility of the CPOE system being profitable at various levels of willingness-to-pay 
per ADE avoided, indicating that the system has a more than 98% probability of 
being profitable and stable. 
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Wang et al. (2003) sought to demonstrate the net estimated benefit from using 
EMR during a 5-year period. The value per provider was US $86,400. Of this 
amount, 33% represented savings in drug expenditures, whereas of the remain-
ing amount, 17% came from decreases in radiology exam utilization, 15% from 
reduced billing errors, and 15% from improvements in charge capture. It was 
made clear that the net financial return on an ambulatory electronic medical re-
cording system is positive for a healthcare organization. This includes effective-
ness and efficiency, increased provider productivity, as well as savings in malprac-
tice, storage and supply costs, generic drug substitutions, and so on. A sensitivity 
analysis with the most optimistic and most pessimistic assumptions showed results 
ranging from a net cost of US $2300 to a net benefit of US $330,090. As demon-
strated by the tornado diagram showing the one-way sensitivity analysis of net 
5-year benefits per provider. Each bar depicts the overall effect on net benefits as 
that input is varied across the indicated range of values, while other input va-
riables are held constant. The vertical line indicates the base case, by Wang et al. 
(2003). 

Note also that EHR is an innovation that enables logistic and administrative 
reorganization, as well as control of patients, drug usage, and costs. EHR offers 
more rigor and accuracy, since data and information are recorded into a system 
that integrates the care delivery and administrative areas, with the possibility to 
generate performance indicators for these areas. 

For the moment, the priority in most healthcare organizations is to substitute 
paper documents for electronic records. Even though these efforts may help in-
crease revenues, the impact of IT on cost monitoring and quality improvement 
in clinical care has been modest and limited. The greatest facilitator is Patient 
Electronic Medical Records. 

Only a few organizations make a real effort to analyze the data in their IT sys-
tems to assess effectiveness of the care provided. In other words, most organiza-
tions still use ITs only to evaluate potential ways to improve processes and pro-
tocols, and only when they get an affirmative answer do these measures become 
actionable. 

A series of internationally-renown organizations, such as the Geisinger Health 
System and the Mayo Clinic, have shown that health care IT is really effective 
when all organization members work jointly to achieve its full potential. When 
this is the case, IT has the potential to increase patient care quality, sustainability 
in work process management, and effectiveness and efficiency in cost monitor-
ing. 

When the IT system becomes integrated to increase communication among 
professionals and multi-professionals and to coordinate patient care, significant 
results may be expected, such as: decreased mortality rates and expenditures 
with post-treatment of acute conditions, and increased profitability in the ser-
vices provided. 

Currently, organizations that want to track and measure improvements in the 
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quality of the care provided must have high-quality data at the right moment. 
However, the task of collecting information has slowly shifted from clinical pro-
fessionals to patients, with patient treatment plans being recorded through 
health monitoring applications. The actual goal is to make this data integration 
increasingly passive. Some organizations are already using this mechanism to 
track workflow-related operational issues. These data help departments under-
stand care delivery, identify operational barriers, and, consequently, eliminate 
these barriers from the workflow. 

We believe that one of the most critical tasks is how to structure the systems— 
not on a technical level, but in terms of the scope of the organizational or cultur-
al guidelines needed to choose the best method to use data in healthcare. 

Another advantage worth mentioning is adoption of the data dashboard tool 
to evaluate what is and is not working in various areas. This may help the insti-
tution obtain quality metrics, such as hospital infection rates, receive alerts about 
changes needed in work processes and how to implement them, or even envision 
how the collected data may improve productivity. 

By applying Analytics, healthcare organizations can understand operational 
workflows and thus reduce costs, enhance efficiency and effectiveness in man-
agement systems, and eliminate unnecessary treatments to increase quality of 
patient care. 

As posited by Brown & Ulgiati (1999), measuring the sustainability of a health 
information infrastructure should consider the system’s inputs/outputs and sto-
rages, as well as analyze which parts are renewable or not. Which factors can be 
used to convert these inputs/outputs into the Emergy unit must also be deter-
mined. Once the result from these investigations is known, all the Emergy-based, 
environmental sustainability indices can be applied to health information sys-
tems, input/output analyses, and stocked resources. Other similar indicators can 
also be applied to HIS. 

The IT infrastructure is another critical element. Current systems are too ri-
gid; they do not enable personalization, insertion and extraction of information, 
and updating for new clinical protocols. Additionally, as different systems can-
not integrate patient data and information, it is impossible to have a unified 
health data record that can be accessed by any professional. It is also impossible 
to exchange anonymous patient data that can be collected and utilized in re-
search on new treatment forms, an issue that Blumenthal (2010) has also pointed 
out. 

When care is delivered with quality and according to patient wishes, resources 
invested in eHealth will return to the health system itself. Virtual care records 
aggregate and normalize information from all participating sources—including 
patients—enabling a relevant care format with an enhanced process. The eHealth 
model encompasses the community, engages patients, and reduces costs. The 
model also eliminates information silos and, when aligned around a common 
plan, it ensures that all players have a better tool to work and learn continuously, 
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thus improving the system. 
We highlight the comment made by the medical director of Pró-Cardiaco 

Hospital, Evandro Tinoco, on a strategy by Anahp: 

“(...) to consider the future in terms of triggers for change in care centered 
on patients, on electronic medical records, family experience with patient 
care, care results, and Digital Medicine, among others.” 

5. Conclusion 

The publications analyzed reveal that technological advances in healthcare are 
continually offering new ways to improve quality in patient care and advance the 
state-of-the-art in the digital healthcare system on a global basis. 

Information technology has contributed significantly to this area. IT demon-
strates that data and information exchange and integration, together with the 
use of healthcare standards, do not depend exclusively on technical aspects, but 
also on policies to support the exchange of these data and information in com-
pliance with local legislation and policies. 

Certainly, HIE can possibly be considered as a transformative electronic data 
tool with regard to health care management. However, other factors also deserve 
our attention: the clarity and discernment in the adoption and use of an evalua-
tion methodology for the implementation of projects and investments, which is 
able to monitor and measure its impacts on society, such as: sustainability of 
processes; quality in health care and efficiency and effectiveness not only in 
monitoring costs, but also in improving services and protocols. 

It is also worth mentioning factors such as: multidisciplinary teams with expe-
rience and permanent training in process management, organization in opera-
tional management; and clear long-term incentives and perspectives, as well as 
resilience and feedback. 

The quest for indicators by healthcare organizations is essentially focused on a 
patient-centered approach, on increased adoption of EHR and EMR, and cost 
reduction in medical care. These indicators show that, by adopting HIEs, health-
care organizations can create best practices in healthcare sustainability and, as a 
consequence, new business models. 

In effect, efforts toward national governance (on a region and community ba-
sis) are crucial to create viable policies, engage people, and make progress to-
ward implementing HIE in healthcare to improve care. 

In fact, to discover who is orchestrating an ecosystem response to the outbreak 
and organizing the collaboration of all stakeholders to save lives while protecting 
their health systems (HIMSS USA, 2020). 
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List of Abbreviations and Acronyms 

ADE   Adverse Drug Event 
BI   Business Intelligence 
BMITF  Business Modeling Innovation Task Force 
CAUTI  Catheter Associated Urinary Tract Infection 
CDS  Clinical Decision Support 
CIO  Chief Information Officer 
CMS  Centers for Medicare & Medical Services 
CPOE  Computerized Provider Order Entry 
CRO  Contract Research Organization 
CT   Clinical Trial 
ED   Emergency Department 
EDC  Electronic Data Capture 
EHR  Electronic Health Record 
EMR  Electronic Medical Record 
ERP  Enterprise Resource Planning 
ESI   Emergy Sustainability Index 
EHR4CR Electronic Health Record for Clinical Research 
HIE   Health Information Exchange 
HIMSS   Health Information and Management Systems Society 
HIO  Health Information Exchange Organization 
HIPPA  Health Insurance Portability and Accountability 
HIS   Health Information Systems 
HIT  Health Information Technology 
HITECH Health Information Technology for Economic and Clinical Health 
ICT   Information and Communication Technology 
IMCTF  Ingenious Middleclass Candid Trusting Forward 
MA   Medical Assistant 
NA   Not Applicable 
NCO  National Coordinator’s Office 
NHIN  Nationwide Health Information Exchange 
OA   Office Assistant 
ONCHIT  Office of National Coordinator for Health Information Technology 
PSA  Probabilistic Sensitivity Analysis 
RN   Registered Nurse 
ROI  Return of Investment 
Rx   X Ray 
TBO  Total Benefits of Ownership 
TCO  Total Cost of Ownership 
TRO  Total Return Ownership 
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